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INTRODUCTION
Semen quality, as measured according to a widely criteria established by World Health Organization (WHO), is perhaps the most important marker for male infertility potential in clinical use at the point of time (Sakkas et al., 2015; WHO, 2010) . The sperm number and motility are not only the key determining factors for the ''numbers game'' to achieve the necessary tens to hundreds of sperm in the ampulla (Sakkas et al., 2015) but also the indicators for the health status of male reproductive system itself (Choy & Eisenberg, 2018) .
In the era of ART, in vitro manipulation of gametes allows bypassing of the natural selection barrier for the spermatozoon in the female reproductive tract, such as hostile vaginal pH, barrier of cervical mucus and immune response in the tract, and thus reduces the importance of the ''numbers game'' to reach the oocytes (Sakkas et al., 2015) . Conflicting results are obtained from studies regarding the association between male semen quality and IVF outcomes. A recent study suggested that advancing male age, elevated BMI or poor sperm quality is not associated with outcomes in frozen donor oocyte IVF cycles (Capelouto et al., 2018) . It suggested that semen quality alone may not yield sufficient information regarding the potential of male fertility as soon as the spermatozoon reaches the oocytes.
Cumulative studies have investigated and evaluated various additional seminal/sperm markers beyond traditional seminal quality, among which the abundant tissue-specific proteins within the seminal plasma provide a rich source of potential candidates (Bieniek, Drabovich & Lo, 2016; Cao et al., 2018) . Proteomic and biomarker discovery technologies have linked lists of proteins to male infertility etiologies, exposure and life styles (Intasqui et al., 2015) . However, few proteins among the lists has been associated with the functions of the reproductive process, such as fertilization event and subsequent embryo development.
Prosaposin is known as a lysosomal protein found in Sertoli cells and the lumen of the seminiferous tubules and epididymis of mammals (Morales et al., 1998) as well as a secretary protein identified in the seminal proteome for both men and animals (Codognoto et al., 2018; Sharma et al., 2013; Viana et al., 2018) . In bulls, fertility rank is positively associated seminal concentration of prosaposin (Viana et al., 2018) . In vitro studies showed that the protein contributes to the sperm-oocyte binding, fertilization and embryo development in several species (Amann, Hammerstedt & Shabanowitz, 1999a; Amann, Seidel Jr & Brink, 1999b; Amann et al., 1999c; Hammerstedt et al., 2001; Magargee, Cramer & Hammerstedt, 2000) . The physiological role of the protein may suggest a functional link between seminal proteins and reproductive outcomes IVF cycles may provide an ideal model to observe the association between postulated markers and events following sperm-oocyte interaction, such as fertilization and embryo cleavage. The present study aims to evaluate the association between seminal prosaposin concentration and normal fertilization. Additionally, embryo cleavage patterns during in vitro culture are used as secondary outcomes.
MATERIALS AND METHODS
Institutional review board approval for this study was obtained from the Ethical Committee of Medical College Xiamen University. All the subjects enrolled in this study were given written formal consent before participation. No clinical trial registry was necessary because the study did not involve any type of intervention.
Participants
Participants were recruited between Jan 2013 and June 2016. To minimize the confounding from female participants, we included only patients receiving conventional IVF treatment for the first time, undergoing conventional long agonist for ovarian stimulation. Female participants were with good physical and mental health, aged <35 years; regular menstrual cycles ranging from 25 to 35 days; BMI < 28 kg/m 2 ; normal basal serum FSH (≤10 mIU/ml) and estradiol (E 2 ) (≤75 pg/ml). No sign of male reproductive tract infection was detected in the male participants. The exclusion criteria were: patients with endometriosis or PCOS, patients with suboptimal ovarian response (oocyte yield <5) and patients with sign of OHSS.
Ovarian stimulation
All patients received the same regimen using depot GnRH agonist (Ren et al., 2014) . Patients received 2-3 ampoules (150-225 IU) gonadotrophin per day during the gonadotrophin stimulation. The starting dose was adjusted according to patients' age, AFC and BMI. Physicians triggered oocyte maturation using 5000-10000 IU human chorionic gonadotrophin (hCG; Lizhu Pharma, China) as soon as ultrasonography revealed at least one follicle measuring ≥18 mm in mean diameter. Oocyte retrieval was scheduled 34 to 36 hr after triggering.
Semen preparation
Semen parameters of male counterparts were evaluated according to WHO criteria.
On the day of oocyte retrieval, semen was produced by masturbation and motile spermatozoa were prepared by centrifugal fractionation (350G, 10 min) using sperm isolation medium (Isolate, Irvine Scientific, CA). Resulting spermatozoa was washed (250G, 5min) in gamete buffer (K-SIGB-50, Cook, Australia) and incubated in 37 • C until insemination.
Semen samples (100 µl) for prosaposin determination were collected before centrifugal fractionation. The spermatozoa were removed following high speed centrifugation (14000G, 10min). The seminal plasma was stored at −80 • C until use.
Embryo culture and assessment
Oocytes were inseminated 4 hr after collection. Pronuclei (PN) were identified 18 hr later. All embryos were cultured in traditional incubators (C200, Labotech, Germany) at 37 • C, 6%CO 2 , 5%O 2 . Occurrence of early cleavage event was observed at 27 hr post insemination. Day 3 embryos were graded based on numbers of embryo blastomere, fragmentation, and symmetry. Grade 1 and grade 2 embryos were considered as high quality embryos, grade 1, grade 2, and grade 3 embryos were considered as available embryos. Embryo transfer procedure and pregnancy determinant were described in our previous research.
Determination of prosaposin
Prosaposin was determined using an ELISA kit (Uscn Life Science Inc., Wuhan, China) according to the manufacturer's instructions. All samples were thawed and diluted five folds in PBS. The color change of the substrate is measured spectrophotometrically at a wavelength of 450 nm. The concentration of prosaposin in the samples is then determined by comparing the O.D. of the samples to the standard curve. The lower detection limit of the analysis is less than 8.2 pg/ml.
Statistical analysis
The primary outcome of the study was normal fertilization rate. Normal fertilization rate rather than total fertilization rate was used because it is a key performance indicator for IVF procedure (ESHRE Special Interest Group of Embryology and Alpha Scientists in Reproductive Medicine, 2017) and is more relevant to the outcome. The secondary outcomes were the parameters associated with embryo development following fertilization, including good embryo proportion, occurrence of early event on day 1, fragmentation, cleavage speed and cleavage pattern on day 3. Normal fertilization rate was defined as the proportion of 2PN or 2PB of cumulus-oocyte complexes inseminated (ESHRE Special Interest Group of Embryology and Alpha Scientists in Reproductive Medicine, 2017) . Good embryo proportion was the proportion of good embryos among normally fertilized oocytes.
Generalized linear model was used to evaluate the association between prosaposin concentration and good embryos proportion. The model was adjusted for age of the couples, female basal FSH, AFC and BMI, starting dose and oocyte yield of IVF cycles and male smoker.
Generalized estimating equation was used to analyze the association between prosaposin concentrations and embryo parameters (fragmentation >10%, early cleavage, fast cleavage, slow cleavage, on time cleavage, unsynchronized cleavage and uneven cleavage). Embryos from the same cycle were treated as dependent samples in the analysis.
Traditional semen parameters (sperm concentration, motility, progressive motility, normal morphology rate, postwash sperm concentration and motility) were also associated with the outcomes in the same manner.
Multivariate model was also used to detect the association between prosaposin and pregnancy. Beside the covariate aforementioned, the model was also adjusted for endometrial thickness, stage of embryo transferred (cleavage vs blastocyst), number of embryos transferred and distance from transfer catheter tip to fundal.
Correlation between prosaposin concentrations and semen parameters were calculated according to spearmen correlation coefficient.
Data analysis was performed using SPSS Version 19.0 statistical software (IBM, Armonk, NY).
RESULTS
A total of 166 couples were involved in the study. As demonstrated in Table 1 , female counterparts were normal responders with a median oocyte yield of 11. The median age of the female patient was 31 years. None of the selected patients was with endometriosis, PCOS or other diagnosed endocrine dysfunction. Among male counterparts, the median age was 32 years. More than half of them (n = 87, 52.4%) were with normozoospermia according to WHO criteria. Others were with asthenozoospermia (n = 54), teratozoospermia (n = 12), asthenoteratozoospermia (n = 9), oligoasthenozoospermia (n = 2), oligoasthenoteratozoospermia (n = 1) or oligozoospermia(n = 1). The median prosaposin concentration in the seminal plasma was 73.12 ng/ml. The prosaposin concentration significantly correlated with progressive motility and postwash sperm motility but not sperm concentration or morphology (Table 2) . In multivariate analyses, the concentrations of seminal prosaposin were positively associated with normal fertilization rate (P < 0.01). The regression coefficient indicated that per ng/ml increase in seminal prosaposin would lead to 0.066% increase in normal fertilization rate after adjustment of confounding factors. On the other hand, however, none of the traditional semen parameters, such as sperm concentration, motility and normal morphology rate was significantly associated with normal fertilization rate (Table 3) . To test the robustness of the association, we carried out a sensitivity analysis in a subgroup of patients with normozoospermia (n = 87). Although the P value (0.042) was increased due to the small sample size, the result was consistent with that in the total population (Table 3) .
To compare the ability of seminal prosaposin and standard semen parameters in predicting low fertilization events (normal fertilization rate <50%), receiver operating characteristic (ROC) curves was used to determine which cutoff would provide the best trade-off between sensitivity and specificity and AUC for each predictors were qualified (Table 4 ). It is shown that in both the overall population and the normozoospermia men, prosaposin showed limited discriminating capacity to predict the cycles with low fertilization, where either the sperm concentration nor the sperm motility showed any discriminating capacity (AUC<0.6, P > 0.05).
In Table 5 , we further associated individual embryo parameter with prosaposin using GEE and found that prosaposin concentration was significantly associated with the occurrence of early cleavage on day 1 and uneven cleavage pattern on day3 (Table 5) . On the other hand, the sperm motility was significantly associated with early cleavage and postwash sperm motility was negatively associated with fast cleaving of day 3 embryos.
We also explored the association between seminal prosaposin and pregnancy following embryo transfer (Table 6 ). With adjustment of semen volume, the prosaposin concentration was significantly associated with pregnancy. In univariate model, however, prosaposin was not significantly associated with pregnancy in either overall population (OR 1.004, 95%CI [0.998-1.004]) or Normozoospermic men (OR 1.006, 95%CI [0.998-1.014]).
DISCUSSION
Although the detail is not clear, the role of prosaposin in male fertilization and spermatozoa-oocyte interaction has been revealed in several species (Amann, Hammerstedt & Shabanowitz, 1999a; Amann, Seidel Jr & Brink, 1999b; Amann et al., 1999c; Hammerstedt et al., 2001; Magargee, Cramer & Hammerstedt, 2000) . Conservation of evolution may suggest the importance of the protein in male reproductive process. However, it is still not known whether there is any clinical importance of this protein among patients receiving infertility treatment. The present study is adding to existing knowledge by demonstrating the role of seminal prosaposin in predicting the fertilization, embryo development and pregnancy in patients receiving IVF. The data suggested that prosaposin concentration in semen not only had moderate predicting value in low fertilization event but also significantly correlated to embryo development and pregnancy following fertilization. Because seminal plasma is removed during preparation of spermatozoon in IVF procedures, the prosaposin in seminal plasma may not be directly involved in the sperm-oocyte interaction. It is possible that the concentration of prosaposin reflects the health status of reproductive system. As shown in our previous study, the prosaposin associated with spermatozoon may reflect the external exposure and internal body burden of environmental pollutants (Cai et al., 2015) . The finding also echoes a recent proteomics study in which seminal proteins such as prosaposin may indicate the fertility ranking of the males in bulls (Viana et al., 2018) . A number of research groups have associated seminal plasma protein levels with semen parameters (Cao et al., 2018; Davalieva et al., 2012; Diamandis et al., 1999; Drabovich et al., 2013; Freour et al., 2013; Rolland et al., 2013; Wang et al., 2009) . Panels of candidate proteins for male fertility have been proposed in studies comparing the proteomics data between normozoospermic men and men with asthenozoospermia, oligozoospermia, or azoospermia. The semen parameters, however, may only have limited predicting value for clinic outcomes among IVF patients. Bartolacci et al. suggested that oligozoospermia according to WHO criteria may affect the embryo development but not top quality blastocyst formation rate or the establishment of pregnancy in ICSI cycles (Bartolacci et al., 2018) . In a study including 1280 IVF cycles, Mariappen et al. suggested that the semen parameters have an insignificant role to play in embryo quality and overall outcomes (Mariappen et al., 2018) . Similarly, Capelouto et al. found a lack of association between semen parameters and live birth rate in frozen donor oocyte cycles (Capelouto et al., 2018) . These studies may lie on the fact that several critical processes of natural conception are bypassed by the ART treatment and suggest that male fertility biomarkers screened according to semen parameters may not be as feasible as they were expected in ART populations. In the present study, the association between seminal protein and outcomes of IVF treatment was not only observed in the overall population but also in normozoospermic men. On the other hand, neither sperm concentration nor sperm motility was significantly associated with normal fertilization and pregnancy. The data supported the hypothesis that seminal proteins provide more information regarding fertility than routine semen analysis and suggested that male factor might still affect the reproductive outcome even though the semen parameters are considered as normal according to the established criteria. Our data also provide a detailed look at the association male factor and embryo development by linking the individual embryo morphological parameters with semen parameters and seminal protein using GEE. As shown in Table 5 , male factors have been associated with cleavage events at early development, such as early cleavage on day 1 and cleavage rates on day 3. Occurrence of early cleavage at a given time point is deemed as a significant predictor for embryo implantation (Alpha Scientists in Reproductive Medicine and ESHRE Special Interest Group of Embryology, 2011). The use of modern time lapse technology further confirmed the importance of the timing and period of early cleavages before genomic activation in predicting embryo developmental competence (Kaser et al., 2017) . Under experimental condition, it is shown that the 2nd to 3rd mitoses were sensitive periods in the presence of spermatozoal oxidative stress (Burruel et al., 2014) . It could also be postulated that early cleavage events of embryos were also sensitive to spermatozoal oxidative stress derived from physiological or pathological conditions.
Due to the complexity of reproductive process, it is difficult to associate a single semen maker with pregnancy outcome. Conflicting evidence regarding the association between male factors and ART outcomes was not only observed in studied using semen parameters as male fertility markers (Bartolacci et al., 2018; Borges Jr et al., 2016; Capelouto et al., 2018; Chapuis et al., 2017; Mariappen et al., 2018; Mazzilli et al., 2017) , but also in those using other male fertility biomarkers, such as DNA fragmentation (Colaco & Sakkas, 2018) . While many of the previous analyses were univariate in nature, the conflicting results may imply the importance of adjustment for the confounding factors associated with maternal factors. During the reproductive process, the female contribute to not only the maternal genetic material but also most of the cell machinery of the zygote and the environment for embryo implantation and fetal growth. In predicting the outcomes of IVF, maternal factors such as gynecological etiologies, ovarian response, maternal age and endometrial thickness may play significant roles (McLernon et al., 2016) . In their study investigating the effects of male factor on ART outcomes, Mariappen et al. found that female age but not male age or semen parameters has significant influence on pregnancy or live birth (Mariappen et al., 2018) . In our study, the association between male fertility and IVF outcomes is strengthened by a prospective cohort in which female counterparts with good prognosis were selected and important covariates for IVF outcomes were considered.
CONCLUSIONS
In conclusion, the present study demonstrated the association between prosaposin, a seminal secretory protein and the occurrence of fertilization and embryo cleavage events. Our data also suggested that seminal proteins may provide more information regarding IVF outcomes than traditional semen parameter could yield. Although the AUC suggest only a limited discriminating capacity of prosaposin to predict low fertilization events, a Table 5 Association between embryo parameters and prosaposin concentration/semen quality. Each model was adjusted for age of the couple, female BMI, basal FSH, AFC, starting dose, oocyte yield and male smoker. Fast cleaving embryo was defined as an embryo with more than eight cells at the time of observation; slow cleaving embryo was defined as an embryo with less than eight cells at the time of observation; Nonsynchronized cleaving embryo was defined as an embryo with even cell number at the time of observation. panel of seminal proteomics markers may provide a higher discriminating capacity in the future.
